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ABSTRACT 

Differences between f ornal constraints on a 
fenerative gratiar and concepts of efficiency in transforting 
stnttnces provide different expectations regarding perforBance ~ 
leasutts if the granaar is taken as a psychologically real Bodel. To 
contrast these views, subjects were given sentences varying in voiie# 
Mood, and iodality and asked to transforn thea to various syntactic 
patterns. Their response latencies were not cUarly related to either 
grafliatical or perforaance model expectations. Error freguencies, 
howtvtt, were related only to the perfortance nodel which assuaed 
that subjects transfori stiaulus sentences directly into response 
patterns without using a kernel fora as an interaeaiatt, linking 
step. The use of foraal araaaatical aodels as if they reflected 
psychological processes is seen as being of questionable value. 

(AUthOt) 
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TNT no DUCT ION 

For more than ton yearn now the psycholingulsticn lit- 
ocatiu-fv haf-5 reflected an active interest in atteinpts to re- 
late the recent formal grammars of the transformational, 
generative type to either the psychological status of a 
user's knowledge of his languaqe, or to the processes which 
lead to language production. Early attempts began with a 
strong "direct correspondence" hypothesis suggesting that 
the various transformational steps in the grammar which re- 
lated one syntactic pattern to another had direct counter- 
parts In the way users process their language (Miller, 1962; 
Miller 6 McKean, 1964) . 

In terms of linguistic theocy, it was claimed that 
syntactic patterns in English could be "simply" related by 
postulating a base or kernel sentence form to which various 
tcansf orisation rules might be systematically applied in 
order to derive (i*e*, describe) the various syntactic pos- 
sibilities. If an active, declarative, affirmative sentence 
is taken as the null case, i*e*, that actual reallza*-ion of 
a kernel which raquiccis no major transformations in order to 
be produced, then the grammar can incorporate transformation 
rules to passivi'^e, negate, or interrogate the kernel form* 
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This sirnpl if if-^f3 d graniiiiai; in the formal se^nso ♦'hat only onp 
nat.hfT than --^i'jht syntactic par.ternF. need<- ■» ba indepen- 
dently dPVrUop^^il in thi DrinA, Whil*?; this ir, -onsider^d +-o 
be a stronq justification for th^ system in formal 
lin^juistic t'^rins, it is, as Miller (l^r^2r p. 758) not<-"'(i at 
t hp outset: 

... by no means obvious f i;iori that 
the niost economical an'l «ffiwient formal 
description of thR liu^juistic data will 
' necessarily describo the p.^ychological 

proc??sses involved when we actually ut- 
i ♦■f?r or understand a snntence.' 

Thy tone of this r<='mark is useful in drawing attention to 
the- tact that there can be fundamental differ-Dfices botw-ge-n 
thft purposes of psychologists and linguists when th^'-y are 
ostensibly looking at the saiiio phenomenon, but it should 
also be noted that in it, Mill-?r obscures the iioportan+- dis- 
tinction between language process and language product. 

Subsequent work followed suit* It seemed to take the 
grammatical mod'^1 as a given and the model itself grew from 
a formal device for capturing the regularities observed in 
language output to a model of the process which leads to 
that production. It was suggested, for instance, that sen- 
tences are stor-^d in memory in the kernel form plus separate 
storage of syntactic markers (Mehler, 1963); that sentences 
occupy space in memory storage as a function of their 
tcansf otfl.ational complexity (Bavin ft Pershonock^ iqfi';) j that 
complex s-nt^■•'nc^J must bo tran^Uormed to their K-^rn->l forms 



befor(» ^hpy can be undprtitood (Gouqh^ 19f>S) ; that n 
qpn^rativH qrainniat: indicates how ^ hearer would understand 
sentpRce (Ullor & Chomsky^ I9f>3) ; etc. 

Furthr^r r^^sparch nas toned down some of this oarly 
exuberancf=^ and it i£5 to be hoped that y raraioat ical niodrls - a 
Siil^ llili p??ycholin(juistic research - will be placed 

in thf^ir pr ;>er perspective. This will require a rocogni* 
tion that^ while the usual concept of a cjraminar is that it 
describes what is acceptable in lanquage output, it doe?i no 
tnore than to describe those patterns. The probleins 
resulting from the process/product contusion have been 
recognized in many other areas of psychology and have been 
pointed out explicitly for this area by Broadbent (1970) 
but , n evert he lc?ss, transformational qonerative qraminars 
-continue to be used an a basis for studies of language 
processing • 

Certainly speakers and hearers require an agreement 
regarding the semantic import ot a set of syntactic patterns 
(in other words, they must possess functionally equivalent 
grammars) , l)Ut once they have agreed upon or learned a 
system, communication is possible whether the syst^at is 
el(-gan^ or not* Presumably the system that is realised in 
any particul-^r language will be shaped by the users of thit 
language so as to become, in some sense i efficient and 
effective, but simplification for us^ is not n^^eessarily 
related to simplification of notational schemes for 
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dfescribinq ins+-.anct'='s of that u-.iq. 

Dinnet^n (1^567, p. 106) has pointed out a basic distinc- 
tion in qranunars which rf'sults troin differences in the pur- 
poses for which various (jraiiiiaars might bf.- written. Whil<f? 
mor^t non-linguifJt::; relate the concept of giaroinar to a s^t of 
prescriptive rul-ss required in order to speak, read, or 
write a language, formal linguists vip>w grammars as devices 
which permit them to npeak efficiently about a language. 
Thus a tranflfcormational generative grammar bears little 
resemblance to thf notion of "rules to be learned" in order 
to speak a particular language. A third, guite different 
rear.on for writing a grammar might be to represent what it 
is that a speaker knows when it is said that he knows a 
language and how that Knowledge is represented in th*^ mind 
of the speaker. Claims along these latter lines havr-^ been 
made for transformational generative grammars (Chomsky, 
1965, p. a; Pylysnyn, 1972) even though their original 
development was not for this purpose and the basis on which 
they wer^ developed is totally inadequate lor such claims 
(Derwing, 1 97 l, Chap. 8) . 

There are any number of theoretical and practical 
problems associated with attempts to uae formal linguistic 
models as psychological models to be tested (Watt, 1970) • A 
basic implication of early generative models - that syntax 
could he usefully described Independently of its seman^-.ic 
implications - is immediately at variance with the 
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psycholoqi cal fict tha^ l.iivjuli-5t ic stimuli <^ro r^^actHd to 
primarily in t^n'ms of thfi^ir mpdiiing (l^^xicaliy rini 
fHyntact.ical 1 y convpy^'^:!) and only 5?9conda rily - it" ri 1.1 - 
in tp^rms of thpir nyntnctic form. Wh<^n su h jf-^cts-^ aro torcpcl 
'to attf-n^i to syntactic patterns rather tnan lexical content^ 
it har* b>^An I'^inonstr^ ted that they still r^^npond inor^ ai-; a 
function of th^ somantic Hiqnificance of the patterns than 
in t^-rnis ot proper ties of th(^ patterns as nuch (Haker^ 
Prideaux^ & Dt^rwin^j^ 1971) • 

Actually, p.v^in th'i ^^arly Millar .stuU<=»£) (which looked 
at only r>ix out of 6U possible pairings of syntactic pat- 
terns) did not support tho original version of a transforma- 
tional grammar hut, rath*=»r, were related more to a simple 
pc?r forma tive notion. Both the initial Miller (1962) study 
and thp Millar & McKr^an (1^)64) tollow-up sugqosted^ ^•^^ f 
that to move from a r>impip negative to a n egat iv^- passive 
required only one tranr^f orma tion. However, in order to 
p<^rform in strict accordance with the gramtiiar, a subjpct 
would first hav9 to detransforn the negative to obtain 
barse or kernel form and then apply th^- negati v^^ and passive 
transf ormat ionir; to it in order to develop his response, 
Miller*s lorinilation of the GUbject^s task was a much 
simpler perforniativo modol in which it was assumed that a 
.^subject ma do only thos^^ alterations necessary in ordor to 
changf'- the stimulus into the response. This position w-is 
confirmed by his results} a strictly grammatical mod'^1 would 
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not have bep?n conf irrael. 

Thft pi-espnt stuiy was undertriken to contrast a mote 
precise v<3rn.ion of h transformational g raniinat ical model " of 
syntactic relatsdness (treating it as if it. wer^' a process 
model) with a nimple, direct performance model for s*^nt«ncp 
manipulation, and to assess these against data covering all 
64 possible combinations of stimulus and response pattern 
pairings rather than the restricted set considered by 
Miller, The grammatical model was interpreted here to sug- 
gest that the user, in order to pass from one sentence form 
to another, must reduce a given stimulus sent'T^nc^ to a 
kernel form and then transform it into a reguir<=>d response 
pattern. The performance model was established to suggest 
that the most effici'^nt approach would simply be to trans- 
form the stimulus into the response directly. Several 
alternative models between these two extremes were also 
examined. Two measures of performance which have appeared 
often in investigations of this area, response latencies and 
error scores, were both used to examine the predictive: value 
of each mod^l, 

pnoCEDURE 

Eight sets of stimuli were constructed by selecting 
systematically overlapping sets of 6H sentences from a list 
of 12B bised on 16 lexically different sub ject*verb-ob ject 
strings ro-iliZ'Hi in each of the eight poissible combinations 
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of voic^-^ (ictivo or passive)^ inooil ((V^cla rat. i or in^orroq- 
"itivr:))^ riuA ino<i:ility (■-•\f f i r:native or noaativc), .^ach s«^t 
con^.ained four inst.anc».->s ot ♦•acU contH-^'Ht in diffor-^nt syn- 
tactic p'ittorns^ and each patt-^un occurred ^ight times, Plach 
Gtiftiulun [attorn was paire.l wi^h t\\Q eiqht possible renpon^e 
pctttorns to cov^r the bU poosiule stinuilus/response pairs, 
Th<- sots worp randotiii 2-^d for pres^^nta^ion with the con- 
s^raii^t tha^ no con*-.rnit or stimalun or rocponse pattern 
could iinfnt--»»iia t-;ly nuccoo:! itoeLi in th^t list, 

A display pmel was conr^t rue ted consistinq of three 
colinnns of two windowf^ ^ach labcil^^'^d for voice^ mood^ and 
modality, A control console p^-^rinitted the Gxpt=»r imen ter to 
pj-o-set three two-ponition switches so that^ at the start of 
response tiininq^ the p^nel would indicate which of the c>iyht 
syntactic patt»-^rns would be rejuired in the responses, ' 

The 'lubjects^ 32 male and 32 female undergraduate vol* 
unteers^ w?re tested individually^ 16 of each sex by a male 
and Ifi by a f*^'nal<=^ experimenter,^ Fiqht subjects?^ four male 
an*:! four female ^ wer'^^ run with each of the eight Rentence 
setr-i, Kach test session was tape-recorded in its entirety 
to permit computer m-^asurement of response latenci^-^n and to 
permit later analyr^dr^ of error??^ intonational patternn^ 
etc. The taf^'--^ wa^i f^tarted following the general inst;:uc^ 
tion?t^ a tow r^ample trialr,^ and the renolving of any que?^-* 
tion:^ the nubjpct had. 
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For oach trial tho subif»ct was han lod ^ carr] containlruj 
a s*'inuilu::> r»ont^*nc^. H-'^ r^^dd thin aloud and^ l^-"^^^ ^^'^ 
tiiiishod^ r.h'^ -^xp^M: i ifl^^iU ^-r d*^presa»-Ml a hutton which niruul- 
tanoously goiv--ri,^ed in inaudible s^art signal on t.h.-^ tan^-) 
and il luinina t (^r] the displav pan^^l showincj tn^ r-.^'quired 
responr.'? pa^t^^rn* The subject: rot-ained the card durinq th*-) 
forniulaticn an! production ot his cf^^.spons^^ so an ^o avoid 
'--extraneous prohlomn d u'^ fo meiTiory lirnitit ionr> . 

'^hc?, jf^^noral instructions an<l practice triaLr; s^rv»'*^d ^o 
r»[iipharnzo ^htt C'^spons^ times could ho obtained only froin 
f^'i.ponsGs '^hich wrr^^ svn tactically corroct and qiv^n prompt- 
ly; to accomplish thi?;^ subjects yif^r^ pncouraq^d to fully 
foriiuildt-^ a r'w''::^.nonne iK^for-^ beginning to give it. As p?oon 
as th*^' Gubj'^ct be*)ar\ his rosponso^ tlie e xper imen ^-^r d?- 
pr^n?(cd a :nitton wnich qen*?ratod an inaudibl^^ r, top signal 
butr if th--^ r^r^f)^^-*' contained any syntactic error or 
notic^abl*^ paus'^s^ sugge:'-» t Ing additional processing by the 
jubj^ct^ that trial was rej^-^cted and r-^peated later on in 
thp spssicn, I'cspons^ latenci^=^s^ then^ were measured (for 
corrpc-t- rospops^^.s only) trom thc> illutninat ion of tho display 
pan^^l ^o the bf£qinnin^£ of a subject's respons^^^ 

Tho rosponsp latency analysers were thus ban»*^d on a ^09^ 
corr-)Ct re.:jpont'^''^ trials^ 6u from each of t hp subj^-K^ts* 
In addition to th'jis-:^!^ 1^261 trials containing syntictic 
^-rrorn w^r^ -^abulat^^rl for analysts* Thf.^so errors # of 
cours*^^^ w^-^r^^ du- primarily to ^'he pressuro on th*--^ sabj<.^ct to 
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two b^ioic HiO'l^^ls^ th^ vjrainina^ic^l inod*=?l (S>K>P) and 
th<^ porforoianc^ niorl'-^] , w^^^re cono t r uc f/^l in t^rmn of 

both th^ nuipbv^r of tr>inr:t oraidt ions (T'rO and tho ?uimber of. 
f»loinont4ry op^^ud^ions (KO*s) which must be cariier] out. in 
ordt-»i: *'o chanri'" th^ .''5^ iinii Ins torrn to u '.jiv(*Mi rei.>pcns*^ forni 
?-ither throtiqh t-h^r k^rn^l or dir.vctlyr Counts in t'^rin^ of 
E'O^.i dift'ec frofo tho3^ b.-is-?d on T's primarily in t;:^j:inn of 
giving mor-^ w^iqht to the pdr{:^'".ive transformation, Pasnivi- 
zation roquir^r; fivo po's whilo n }<jation and interrogation 
ro\{uir^> only two oich. Each ? is siffioly counted an a unit 
in tho tir.st vo^sion, as shown m Tain^f^ 1; tho VO count 
appear?; in Tible 2, and would inor^^ closely r^-prescnt the 
''nunib'^r ot thinqs to bo donci" by -^he nubject if he operated 
at a less nlohal l^vel than that of t rans t or nia ti on s, Ther>G 
arc forflially ^^quivil^^nt to Chomsky^s luu) <=leinon- 

tary t nansf onna tions, 

){c i(c >Je J^c 4c i)t: ^ ^{t ijf j{< j*t 5}c ijc j(< i*t a}c ^'t ajc il^ >^ >}f )}c 

Insert Tabl^i^ 1 ^nd 2 about lerp 

^ ic 9a il^ v)i Jit •t]it '\lt :^ 

Followinu th<^^ grammatical notion thdt T^s ar^ applied 
to ^.h^ ha^i^ forin^ ^.varly work in thir, ar^.a vlpwr^d pas«?iviza- 
♦'io!^.^ n^ja^ion^ and in*:'?>rroriation addinq sontethinq to thr^ 
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be^ for Enqli:^h, th*^ ivt^rtly ^»fnark--}(V' cinpectB of voic^-^, 

raood^ and n^orlality boinq considered in the^o studipn. 

However^ in oth^^r lanc/urdges^ both terms arc overtly or dir- 

fer^^ntly inark^vl. As iJaker al. (I^n3, p. 20^) havo 

pointed out: 

• rui Fa^jlii^h i:i3nt(R!nco is not pither 
pa::;sl V'"^ or not pa:^riive» It is either 
p.^-;3ive or active^ i.e,^ it must have 
on? or the o^-her voice. Similarly, a 
9 n t n c \\\ u • > t n a v a mood - (fl o s t .com- 
monly it her doclardti vc or in \-v^r roga- 
tiv-^ - cind a modality^ either 
aftirio^tivo or negative, This sugqestf? 
t h t ^ rather t h a f i c a o o s i n q to add a p a r, - 
sivo t ransr orcja tion ol not, th9 speaker 
mui^t opt tor orto or thf? oth^r positive 
mp-^^ct ot voice ^ -^nd nimilarly for mood 
and modality. The choices, of coarse, 
are dictat(->d by the r;pedker^s intention 
to coraniUnicate a specific meaning which 
take.s a particular syntactic torm in a 
giv^^n language. 

ThUR i^ is clearer to view these factors as two-stato 
variables and to r^presr^nt the stiaiulun and r<?spons*^ pat- 
terns as th^y appear heading the rows and colunins of Tablets 
1 to 3, Such ^ a characterization providps morG explicit 
intormation on th^ relatednosG of sentence types and it dor^s 
^o^f 1 ii£i2Ii 9 make one form appear necessarily any inor^ 
cottinlex than any other, A concept of cornpl-^xi ty , from thp 
point o. view ot thq subi^ct, in botter established by tho 
data rather than inipos-^d on it. 



Thp responr.H lit«^^nci'^s (PL*s) were oxpressod an sta« 
nin--^s tor '-ivrh :;ii::i^^ch i- ord^u- to noririilizo tii-^ir dio^.rihu*- 
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tion cMv\ tvliininite ov^^rall t]ii: f or-iic^.-r. aoionfj subioctrj 
since only r»-^Lativ^ liff^roncGS b^=^t-ve'=^n oyntactic p.^.tt-^rns 
were of intert-.r;t h-^ro. ^l^an stiulnp rcoue.^ wer^^ coinpu^f^l 
for each s*. imuLus/iesponse pair for t!:*-^- 6U suhjects^ and tJu-^ 
total numh^-'^r of errors conuni^tp'l in hdnfllin<j eich pair was? 
t^ibul^tofi . Th9se 4ue reported in Tdbl^' 3 as m'=*Qnn and as 

3{c >}c >}t ;?c * 5{e ^'c >jc « 5}: >|: 3^ 5<c >}c jj; ^ ^ 

Insert Tahiti 3 about h^^r^ 

Tn adlition ^o considerin'j the two extreui? ^nodc^ls - thp 
qrammatical and the simple performative one - ^hr^e others 
wer*^ considered. If ^he "luark-Miuf^^sp?" aspect of tho tar.k 
were ♦'o arroct per f orinance ^ i.e.i if adding or dc?l^tincj 
markers wr^rp ^h'3 basic task^ thon it oiiqht to be easier to 
d'.^l^^**<^: whH in pre?;ent than to think of what must be ^^dded 
to eft^-ct a p^lrticula^ chanqo. An add/delete nodcl was 
con St rvjct f^i by roniewhat arbitrarily w^)ightinq del^^tions as 
7, '\ , and 1 ntp|>s tor voic-^^ :nooi^ and modality; and 
additinn?^'^ as 4, 2^ r^pd 2 stepn. This was developed for both 
fh-^ S>K>P iind tli9 S>? paradigms. Th*-:) tinal modf^l consid^r^^d 
th:"^ possitilltv ^hat a subjoct miqht r^ali2<?^ that th« 
syntactic torm of ^h.^ stimulus was not roally requir<:?d in 
th<^ p'^jr f or ma nc^ of his ^ask^ ind he might have b^^^n abl^ to 
iqrot^' it complc.>tf^ly# If iQf^r»^ly -extracted th(^ basic 



Ififormatlon conceirnlnq aqent^ verb, Hind objeat and th^n 
exprf^ssed ♦•hano in th*^ r'^'{ulj.'fi<l i:<»r-5pouB.e focm^ he would be 
opecatiny in a basic '<>!^ iiiod.c-i* Howevet^ alXowAnofs wris made 
for two st.epp. in ocd^i: to pi^icjnit ttv? nubiect to rlnt^-ct and 
tfv«3csf- 'th« positions of aqont and qbiect in passive 
rtlinuli, 

L'ach of these vairloud st.ratf».gy" ma tricp???-. was -•. 
dorrelatod with t\\-2 responsa l.u.v^ncy «nd the.eirrot d-^ta 
shown in Table u, Tn n^nani, the 'PL data appear to' cor- 
t©latf> better: with a qraininatica'l (Ss^K^R) model, but th(? 
t<»l ;tionshi p to a perEoriiianca model (S^P) is also signify 
leant. Tho r.trongf:-st rf=lationship for the RL data, r « .S7 
£or t'B in the S>K^H form, only suggo^sts about .32^ doRdion 
Variance •* which la not too iinpressive !:or a general modG-l 
in .any ca He. 

jjtjjc «,«««i!cS!<:<tJi< ^^^-c* .^ii)c** ****** ******* ********* 

■ ■ ■ - Insert f able a-aboat here 

**************************************** 

Among th'^ raodelH th?5ins<^l v^^n , any S5^B pattt=>rn would 
correlate at z^-^ro with any S^K?!' pa*t=>fn so the various 
cort'olations^ wl^-hln T«b or EO«s# can bo look'^d upon ar? 
indf^pftndeni predictorSi Th?? various S>i>. matrlcf^fS (and the 
5>K*P forms) t how^vrtt, are highly aott^jlated (about r^O) r.d 
that dif£f>conc^o anionq thoi^^? foniiy would bo difficult- to 



^4ac8Ciu ■ The K>P mod«l cor csla t'^a ntrongly with th® s^K^R 
• pistterns, but neat zeto with the 3-^1^ patterns, 

Since both s»Ki>H and Si^P models appeared to somewhat 
-c^lat^d to the RL data^ either different strat@gl©B were 
. -fetinq employed tor cliff ecent parts of th© problem or 
■ ■si^niflcjant variation in stratr^gy from subjtdt to 8Ubi©Gt - 
: ; belny indicated. In an att'smpt to detfrwine subsets of 

' liiUbjpcts who might show inor© consistent stcatogies, the; data 
Wfece {.>.,tb jpcted to a hierarchical Glust#rinc| analysis 
:(Veldiii«\n,. 1967^ p. 308)* This indicated five relatively 
. •distinct q.roups with 19, 15, ^U, 8, and B in^mbera 
fi€sp'2Ctiv@ly* Correlation of ©aoh group* a results with tht 
Kiodels iftdicatad that the first and third group.^ wsre b^sit 
represented by a perfonnanee t!tod§l (r ^ » 60 and .38), while 
the second and fourth reflected th§ graminatical pattern (r = 
««M and *53)« Th?-? fifth group showfid no signifiaant 
pattern. 

The np&cific nature* of the differences between these 
groups, though potentially in t^srest ing , will not be pursued 
her<^i It is hoped that the detailed, subject by subject 
analyses curre?ntly in urogreas will fully d«avslop these, 
<^Bpecially in t^rniPi of ths Rind« of f^rrors cowniitted and how 
tht^se r'5ldt'5 ^0 titimulus and response? patterns && well as 
refiponso time.^* For the moment it is siufflclent to ohservf^ 
that, obviou'-dy, no g^>neral clainiR can b<;i mad© for any of 
the raod^lii dxaniine';! with rosp@dt to the RL data* Turthc^E 




(^oneral •uvi lysis would b(5 pointl-^Hs, . • 

Hosponao ldt«nGlos, of coucsc^, hav? oftf^n baen cri+t* 
dixed and judqed to h® a poou defiendent varlabla beoaiise 
ttin© can bf-> consufne! by bo many factors esctcan®ous to the ■ 
ptocesning to which th» Rcoraa ire beinq te'lated. A nerioiia ■ 
effort was (iiadf; in this study to limit the timing as much ag .v^;' 
fjdsBlblo to thp p«ciod in whicl. sent!=nGe manipulation was •'• 
taking placw, but full con:rol in cl-aarly impossible* . 
Whatever has b'^en measured was obtained with a talatively , 
kiqh degree of reliability in the s«nse that the corceia tion 
k^tween • the ra^^a.n profllf^s (64 <5l^!nents) of two randomly ■ t:^- 
■tffelecti?d halves of • 32 aubiect.3 each was .809 so that it is 
not a roattcjr of non-Bystematic or random variation. It 
simply appears that tiaie is being given to something other 
than sentence manipulation as r^^flecttd in th<s iodelSi and 
different sets ot subjects ar<^ adding to th®S€ basic tiroes 
in diff&r??nt ways* Pr-^sciS'Sly what is going on in tf^rtns of 
recponse lat*^nci<9£; is niniply not clear at this time* 

An obviously less ambiguous dependent variable ought to 
be the i-.requcncy with which errors W(%r@ eoannitted In 
changing trom one arjnten^f forni ^o another* The niodels 
test'tMl baslcdlly rfflS'C^-; in onc^ sch^tne or another^ the 
number ot things to be done in order to accomplish the 
changes. Clearly/ th# moC'S things th«^ro are to do# th;* fflor« 
opportunity for -^rtor ^xistn^ :io ^rror frequ.?ncy nhouM 
indicate inodol adf^gu^icy « asutumlng an appropriate on^ ha?? 
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b«en suppll«='-l for t.p.iitlpqt The reliability of this nieiisute^ 
obtained in tlu^ fs'iine way as war-i done tor th« 'lata^ was 

:*799, almorji' idontical with the oth'vt ;neasutp. 

Table 4 shows a sti'onq cottBlcitlon of .B1 (66% couitoon 
fttiancs) b'^twoen frequency of eiTors and the S>R (potforin-* 
tfics) model ffxpresEsecl in tPsrtnsJ of el^tiientary opetationa, 
.Eire it s<?5eais quit# claai: that only the pecfortnanoe model i$ 
.ffsdictiv®. Th© error data were submitted to a oliister :•••, .•>- 
aialysis as was done for the Rl data, but here th^ teeults ■ 
iiidicated only one major group of 51 subjects, a amall : ; . ' 
second group of 9, and 4 others not fitted into ^^ither one X 
these* It seemed i:«^aBonabl0 to viaw the results as .::''.hbi 
Kifl.ecting a yeneral or eoninion pattarn and to conclude that, r..; ':.„\, 
perf orraancft model would account for the error data* 

Several immediate Implications follow . from this* 
Firstly, the perfortnance model sugqf^sts that the specific 
syntactic pattern of the stimulus or th'S cesponr-e iB not thei 
critical variable?* (Note that the rowjs and columns of th<2 
B>R pattern in Table 2 all have equal mean,^ of 4*5 EO'g.) 
Wiiat is critical in ioainly the *«distancc5'< or nuniii^r of st'sps 
enquired to chanfje froin any giv'sn stimulus to any cjivon 
fi^sponse* Secondly/ there ia no indication at all that the 
gubi^ct d?''tranMf ocm^ to a bane form and then buildss a 
?5?sponBfM he simply inak<?B th« number of chancjes call^^d for 
to chang<=^ froiii S to R« Third! y# th<^ som-^what bett^^r 
prediction in t«rtDg of to* t rather than H^b would sucjcjc:jst 
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that it is ^-ippropiriatG to view psiiwivi^iation c\s more than a. 
Unll'.dry chrnvjo from ^-ho point of view of the uS'^r* 

Since .syntactic pattern?, as fsuch do not appear to b-^^ 
dfitical, it then becomes reasonable to treocganize the data 
In tetniB of the typ^s of qramrnatical changes tGquired^ 
|?eqardlr.su of response patte»tn, and to ►jxamifie th^^e across * 
adl of the i^'.tiinuius patterns. The reaults of such a reor« 
gani^ation are shown in Table 5, and they prove tjuite intigr- 

jj« j;c sjt >!c ?!s *jt j!« ************ J|< ********** * * 

Insert Table ^ about, here 

Jesting* The data were siibjectp-d to an analysis of variance - 
using thp (SU subjects as replicates and dealing with tho 
four factors r<f nr^sen ted in Table 5: the voters # mood, and 
sodality of the rstimiili {two levc^ls for f^aeh factor) , and 
the typer-; of chang-ss (-^i'jht levels)*'^ 

Thf^ results s5howed a significant, difference due to th(= 
voice of thp* stiraulU3| indicating that passives (7^*2 '^^rrors) 
at«?# in qen«ral, mora difficult to d^sal with than activos 

f?trorn) * Thlr, ditC^^-? esncs would not be predicted by the 
simple pert or (dan CP? modt-^l^ but this is thf-i only major aspect 
of th« f^timuluB pattern as such which appears to affoc* th*5 
'Jatfli Mood and tiiodality do not* Errors^ considi^red as a 
function of chang-as nhow a rath'^r simple, well-ordered 




jjattern* R^^p^t it: ion of: the* ntiimluB aentenco^ the *'no 
Ghanv)o»» c^s^, b/^T to no (nor-o than an occasBionai onroc in 
petSpondiiiq\ simple mood and niodiXlty changes w^tp oqiially 
fllf 1 1C7U1 1 ^ but voicp chanqe was twice as difticuit as i^ith^^r 
of those, Th- mood + modality chanqo is rouqhiy equal to 
thf' sum of th^pso two perfoCfaHd sinqly, similarly^ voicf? 
•raood .^lul voice + • [nodality are equivalent to tho nuinf! of 
their sinqle chaaqf^-^s. An additive model doea not quiti^ hold 
{or th^^ voic^ ^ mood ^ rnodality total ^ a result of about 
320 would be expectod but the siiBplicity of the pattern 
eiearly suqqi=ists a rather mechanistic approach to the tar^k 
<|tiite in ke^^pinq with the iinplications of what has be^n 
sailed h^re^ the performance inodeli 

TlT='E'r in no particular need to belabor some of the mote 
obvious crlticis^itis of ;?!C p .crimen ts such as this. It iti quite 
evident, for ^Xiiinple/ that the BUbject is not p?nqage.l In 
natural lan^iu-Tqe procr)ssin'-j in th© sense of discourse, that 
sentences without a context are^, to a • great extent, 
sffectively tnpaninqless, ptCi These points are cloatly 
r«cogniz<^d just-, as it is clf^arJy recoqnizfnl that no current 
'.jcaififDcitical theory ext«ndB beyond the isola^-ed sentanc-^^* 
Th~ motivation for thi^;5 study was to try to iiiaK«^ it cl^-^s 
that the t^^n.^f orfiia tional qonerativ^ grammatical niodt^ls o£ 
£orrii5l lin^iuis^icri h^v^ littla din^ct applicability for 
descr ihin';j how subjects manipulate sentenccSi Gome 
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llnqulsts, for qulta difffrer^iU reaaonf?, woijlO ' strongly 
concur with ^-hia vlow. 

Many of th?» li^airlier paychological studies, howevor^ 
igtrongly BUfjqpsted *hat th(^. gramtiiatical modsl cha racter i7,«*d 
the (tiannet in which thf» subject has organi?.erl his knowledge 
about his Iangu^«.je so that, by logical inforenco, it should 
^^ovfrtn how he would manipulate linguiKtic raateirial. No ons 
bas overtly claitned that subjects detransf oriii a,iid then 
pet ransf orra Bentenc:<5s as implied herfi by thft S>K>'R models^, 
bat this position must be cacognizf^d as logioally connected 
to studien. which claim to have found evidence supporting a 
"genera tiv-s gramirar as a modfil. Such theories do not provide 
for any .formal fnechanism which would pesrinit the? subject to 
aove from ^ givp>n stiniulus form to a given response form 
without r-^coveriug thp- base or kernel form as a n.ecesaary 
Intprmediate ^t^rj» It the psychologists cited earlier w-ere 
not suppur+.ing the whol*? of the theory,, then thay should 
bavf* madf^' it cl«^<ir juht what it was they were supporting* 

The formal linguist, of courss, need not be concerned 
about tlift ''fail arc" of hi.q model to predict p^^rf ormance ats 
long as no clairnr; ar^^ made about the posnlble psychological 
reality of his inventions, similarly^ the pgychologlot 
should hrive v?ry little interest in purely d'.sscrlj.tive 
gcanjmats niotivated by non- pF.ycholoqica 1 considerations* 
Howevi^r, i.-t noon a'^, a j in(p)istic theory qraduatf^M from hsiRg 
simply a th'?ory about the atructure ot a language (Choroskyi 
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1957, p, U9) to being a theory oi the Bttructure of th@ 
Knowleclqe of tho ua^t of that Xancjuafje (Chomsky, 1^65, 
p> i|) , then ad,<*fjuate pnychologioa.1 justiMcatioh is tr'3qu.ica'1 
f^t the acceptance of that linguistic, theory. It is no- 
.longer oufeicient to dofenfi such theories only on purely 
ferffial, intrinsic qrouncis, as is currently the case in 
lincjui sties. 

Psychologists must become fully aware of th© fact that 
so*call@d processfss implied by generative grammars ate 
only formal, descriptive devices used to provide econoinies 
ia notation and representation of the underlying rs^gular^ 
ities linguists have discov«red in language output, as 
iiach, the graiBfnar provides a" device for assessing' the 
f tttniiiatiGalnsr,^ of a given utt^ran^e (a t©st eould he 
to determin'S if the grammar would "generate'' or incorporate 
such a string) but thera is nothing in this matching process 
which 1(11 plies that graBunar and user produce the string by' 
the same m<»anA?» 

As far as can b© dRtsrmined^ the primary reason which 
BORie lingulBtai (eigi^ Chomsky, - 1965, pp, ifi-27j PoBtal, 
19f»6s Bever, 1970) have giv<^n for claiming that their V'-'-^Ri* 
mars ar© psychologically r^sial in any sense is that the rela* 
tlonsi which thc-^y have built in+o the grammar stem frooi their 
"intuitions" about th«ir language. Unfortunately, th* 
intuitions of various linguists do not often coincldf^ and 
the acrimony of the «3nsulng debat«s,q doss' not instill a senrm 




<5f conCiclence in the stability at any g'iVQn fotmulat ion » 
S,penc<^ L' (197 1) li,-in r>hown tli.^t non- lingiii sts. are mora 
sonslstent in thc?ii- judgments about lancjuaqe ddt-i than 
linguists are, and he conclucUs that " , , , lingui Bts' 
intuitions (shoulrl not bp uncritically accepted as a secure 
data base £or the derivation of a theory of natural lAnguacie^ 
0f tho speech coiiununity (p. 97)," 

SomG linquists insist that their theories are, in fact, 

reBponsible to empirical, extrinsic criteria, but their us« 

of such tf^riris would appear sStrangs to the non-linguist, 

frideaux (1971) has shown that what hava been offered a?; era* 

^irical testn are actually only additional formal principles 

which are not empirical at all. He concluded (p, 3ii5) thati 

, . , the effort to fflake graraiiiars respon- 
sible to something external to the for- 
(tialiSBi of the gratninar - a necessary aira 
if our grammars are ever to be con- 
sidered as representations of any kind 
of pBycholog iral reality - has, to this 
point, failed i 

When psychologists have attempted, through their methorts, to 
test what they consitrue as the? logical implications of cur* 
rent gL*atiimatical theory, if it is taken as a giv^-in, the 
results arc, for the most part, eguivocal or negative (Hatt, 
1 970)* 

A review of the quickly growing Berles of studi^es which 
have exafflined how subjects manipulate language stimuli 
classi.U.'^d as d function of gratnmat ical properties supports, 
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fts thiB study does^ Revf^r's (1 970 ^ contention th^-it 

BUbi^cts dOr in fact^ niani pula t<=^ 1 iny u 1st ically rtj-'^finod 
il£y.Stii£2S.^ ^^^^t their bf^jhavior does not inirroj: or dirc^ctly 
iimuldte th<^ graianicit icnl g£OCgsi§i that nelate those struc* 
tures within a gcdinniar. 

The real icnpott of this is the implication that the ina^ 
lority of elements or structures included in a grafntnat . ac® 
tiUportaat as a basis for stimulus and cesponsG description 
Ot classification of linguistic material^ but the so-called, 
procsnsc^s implied by generative graRimars do not govern or 
diSSCribe how users relate- those structures. Thi.^ ia so 
giaply because the gramtnatical processes are processes only 
by the weakest of analogies; they are merely foriaal expres* 
sions of relatedness imposed upon actually different struc^ 
tures simply because the grarnitiarian chooses to see them that 
way* No such processes as such have evpr been observed in 
themselves or in their effects, 

Many a unGfu] technical term has had its usefulness 
destroyed wh^n its definition has been permitted to become 
so broads bo inclusive that it faile to convey any precise 
Intorniation * If th9 concept of a qranririar Lb not to share 
this fcate^ thf^n it should be 11 mi ted to its essential 
function within the study of language and psychology* 
Language is ^ in f act# sys tenia tic and the nature of that 
systefB^r for any giv^n lanyuage# is discoverable and 
d^scribable it -ideguitG iMffipies of that language . ar*-^ 
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8inaly%«*d« The possible flp»f3cript ions are^ by definition^ 
gtaramars of th^t I'lngmoe. 

Tf a qrainmau is to be riO(iif=>thing more' than a mere 
eatalotjue of all of the structures obsficved to occur in the 
linguistic output with sufficient frequency to justify th-?ir 
Incluf^ion in a grammar^ th<5n some attempt at a ay s to in a tic ^^^^^-^^^ 
taxonomy of forms should lead to statf^inents of relationships 
aionvj atructures which will better reflect the sy steniaticity 
©f th^-? language. It was priiiiarily for this rsason that th© ; ^ ^ 

...... 

concept o£ transCornia tion was proposed ^ and it is5 precisely 
these kinds of relations which are called into question here ;^ ' 
a.f an adequate toasis for representing how users rf^late th® ; 
eleioentji of their language* what kind of relationships ■'■-^'■.■^Q' 
should be considered? What is the systetn of language which . 
should achieve expression through thera? 

In th^ late 1950«S/ linguistics was captured by a 
strong desire to reduce all of language to a meaning*f ree# 
formal syntax where the relationships among postulated 
structures wer'^ adjudged to be true or^ at leasts correct if 
they were the simplsst or most elegant in foritial notation* 
tn the 1950 *Ei even the strongest proponents of syntax had to 
recognize the sterility of an approach which was so reduc* 
tlonistid* som appreciation of the need for sierfiantic con- 
straints appear^^df but a somewhat strained attempt to pre« 
serve at least the primacy of syntaje and the elegant formal 
systems In which it had been pressed led to an attempted 




dlBtinction b^twet^n i'3?p ani surfaco .structure (K.^ tz ^) 
Postcil, V'M'jti; Cho'n.^^ky, 19^>S), Th-^ 197^«s hriV>/ ilroady shown 
.an f'ftoctive rei-^ction ot the pciau^cy of rn/ntax which iB 
rapxily b«^in<j pushel into it3 propter subsidiary role ar^ a 
V^hxcl^ for noraantics (e.g,^ Ch.iff^^ 1970; Fillmore, 

What has been 'lern onst ra ted in thi s r elati vol y brief 
Bpan of tifflp in formal linguintics is a rapid shift from 
. <5rainfQri rs for th^ sake of formal dsscription of the under- 
lying vehicle of a lanqu-^ge to qraiiimarB for the sake of 
characterizing the structures people use in trying to 
domfnunica te information. Clearly the latter syst^ia, and the 
kinds of relations it envisage.s, in going to be tnuch niore 
eoinplex and irregular than the former, but just as cl»9ariy 
It will b?? much inprp to the point for pFiychologisi ts and for 
psycholingu isticfi. As Allport (195-1, p# 11) observed sofoe 
time ago in a different context^ '•it is the duty of i?;cienc<=^ 
to illuffiinat':* what ia, not merely what is conv^^nient, or 
what irj traditional*** 

It is now abundantly clear that linguists must ^^^xamine 
a gr^:*at d^al of oxp^ri n^^ ntal da^a gathered by psychological 
t«=»clini<jUf-»f? and that p.qych olog is ts iiiuftt obtain intortuation 
from lingul^tji no that observation?^ will be gath^fod with 
ireBpec^ no rel^-^vant structures* In other words, there is a 
^' l^IL^^^^i- piiycholinguisticn which i.^ not a hybrid, but 

which iB a truly int^grat^d, rdnglo discipline* Th^ appar* 




ent autonoRiy of linguistics hi^ b^en rightfully eirodefl oVen 
tho past fnn y^-irs bocui^?^ lan<r.ia^j<^ without considRrri tion of 
Xancjuaqe users is a st-^ril^ pursuit* However^ as th»^? true 
dirftenoions or psychol ingui?5tdcs beqin. to ^^merge^ the need 
for nophiBtic-itod linrjuii^tic andlysis b^^^coines qraator and 
greater in orrl^r to provifle appropriat^^^ parara.eters for that 
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•The authors ar« lO'l^^btcHl to KareJ, Sauby and John Gray 
foe th?.lr C'lreful qatheclng of the clata for this study* 

Th*^ analynis also inclariod an ai.^BeHsnient of i.ho Giqht 
cliff <?=!r«^nt sen^enc^ sets to which the cUffer^nt qrcupa 
of HUbioctB wcie a^tsigned as well as the effects of ^he 
nox ot th^ oxporiiiien ter and of th(^ subjects. None of 
those produce ! effects which would intlu-ence the other 
factors under discussion in this report. 



TABLE 1 



NUMBER OF TRANSFORMATIONS LINKING STIMULUS AND RESPONSE 
PATTERNS FOR A GRAMMATICAL AND A PERFORMANCE MODEL 



Stimulus 



Response pattern* 



Model 


Pattern* 


ADF 


ADN 


AIF 


AIN 


PDF 


PDN 


PIF 


PIN 


Gram • 


ADF 


0 


1 


1 


2 


1 


2 


2 


3 


(S-HC-^R) 


ADN 


1 


2 


2 


3 


2 


3 


3 


4 




AIF 


1 


2 


2 


3 


2 


3 


3 


4 




AIN 


2 


3 


3 


4 


3 


4 


4 


5 




PDF 


1 


2 


2 


3 


2 


3 


3 


4 




PDN 


2 


3 


3 


4 


3 


4 


4 


"5 




PIF 


2 


3 


3 


4 


3 




A 

4 


c 
D 




PIN 


3 


4 


4 


5 


4 


5 


5 


6 


Perf . 


ADF 


0 


1 


1 


2 


1 


2 


2 


3 


(S-»R) 


ADN 


1 


0 


2 


1 


2 


1 


3 


2 




AIF 


1 


2 


0 


1 


2 


3 


1 


2 




AIN 


2 


1 


1 


0 


3 


2 


2 


1 




PDF 


1 


2 


2 


3 


0 


1 


1 


2 




PDN 


2 


1 


3 


2 


1 


0 


2 


1 




PIF 


2 


3 


1 


2 


1 


2 


0 


1 




PIN 


3 


2 


2 


1 


2 


1 


1 


0 



*A = active 
P =s passive 



D = declarative F 
I = interrogative N 



affirmative 
negative 



TABLE 2 



NUMBER OP ELEMENTARY OPERATIONS UNKING STIMULUS AND 
RESPONSE PATTERNS FOR A GRAMMATICAL AND A 
PERFORMANCE MODEL 



Response Pattern* 



Model 


Pattern* 


ADF 


ADN 


AIF 


AIN 


PDF 


PDN 


PIF 


PIN 


Gram. 


ADF 


0 


2 


2 


4 


5 


7 


7 


9 


(S*K*R) 


ADN 


2 


4 


4 


6 


7 


9 


9 


11 




AIF 


2 


4 


4 


6 


7 


9 


9 


11 




AIN 


4 


6 


6 


8 


9 


11 


11 


13 




PDF 


5 


7 


7 


9 


10 


12 


12 


14 




PDN 


7 


9 


9 


11 


12 


14 


14 


16 




PIF 


7 


9 


9 


11 


12 


14 


14 


16 




PIN 


9 


11 


11 


13 


14 


16 


16 


18 


Perf . 


ADF 


0 


2 


2 


4 


5 


7 


7 


9 


(S^R) 


ADN 


2 


0 


4 


2 


7 


5 


9 


7 




AIF 


2 


4 


0 


2 


7 


9 


5 


7 




AIN 


4 


2 


2 


0 


9 


7 


7 


5 




PDF 


5 


7 


7 


9 


0 


2 


2 


4 




PDN 


7 


5 


9 


7 


2 


0 


4 


2 




PIF 


7 


9 


5 


7 


2 


4 


0 


2 




PIN 


9 


7 


7 


5 


4 


2 


2 


0 



*A « active 
P = passive 



D = declarative 
I = interrogative 



F = affirmative 
N = negative 
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TABLE 3 



MEAN STANINES FOR RESPONSE LATENCIES AND FREQUENCIES 
OF ERRORS FOR 64 SUBJECTS 



Score 



Response Pattern* 
Stimulus ^ 



RL 



Pattern* 


ADF 


ADN 


AIF 


AIN 


PDF 


PDN 


PIF 


PIN 


ADF 


3.6 


3.4 


4.3 


4.2 


4.4 


5.0 


4.4 


4.8 


ADN 


3.8 


4.2 


4.9 


5.1 


5.2 


4.8 


5.3 


5.1 


AIF 


3.7 


4.9 


5.4 


5.2 


4.8 


5.1 


5.4 


4.9 


AIN 


3.9 


5.1 


5.0 


5.4 


5.3 


6.1 


5.5 


5.7 


PDF 


4.2 


5.0 


5.2 


5.6 


4.6 


4.6 


4.6 


4.6 


PDN 


5.4 


5.2 


6.0 


6.0 


5.0 


5.0 


5.5 


5.0 


PIF 


4.2 


5.5 


5.4 


5.7 


5.1 


5.5 


5.5 


4.5 


PIN 


4.2 


5.2 


6.5 


5.8 


5.8 


5.9 


5.1 


4.1 


Mean 


4.1 


4.8 


5.3 


5.4 


5.0 


5.3 


5.2 


4.8 



ADF 


1 


3 


14 


10 


12 


26 


16 


32 


ADN 


3 


5 


29 


7 


22 


10 


38 


18 


AIF 


4 


10 


4 


13 


25 


24 


15 


32 


AIN 


7 


8 


19 


4 


22 


35 


31 


20 


PDF 


27 


2S 


40 


32 


4 


9 


1? 


15 


PDN . 


26 


22 


52 


48 


12 


7 


34 


14 


PIF 


25 


46 


22 


45 


10 


22 


3 


10 


PIN 


26 


29 


35 


30 


28 


15 


9 


5 


Sums 


119 


151 


215 


189 


135 


148 


158 


146 



*A « active D « declarative P = affirmative 

P = passive I = interrogative N « negative 



TABLE 4 



CORRELATIONS 


BETWEEN 


MODELS AND 


RESPONSE DATA 






Mean 


RL 


Frequency 


Models 




Stanines 


of Errors 


Transformations : 


S-»R 


0. 


26* 


0.74** 




S-»K«»R 


0 . 


57** 


0 . 


• 


K-»R 


0. 


34** 


0.11 


Elem. Operations: 


S-R 


0. 


34** 


0.81** 




S-»K-»R 


0. 


49** 


0.18 


Add/Deletej 


S*R 


0. 


24 


0.63** 




S-^K-^R 


0. 


45** 


0.12 


*r (p = .05) = . 


250 




** 


r (pas.Ol) = .325 
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